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Hybrid separator fabrication
A straightforward modification of the commercially used Celgard polypropylene separator (Celgard 2500) was carried out by casting shaker-milled RuO2-MPC composite slurry, containing 90 wt% of the composite material and 10 wt% of the PVDF binder in NMP, on one side of the polypropylene separator using the doctor blade method. In a similar procedure, the SP-MPCcoated separator was prepared using a carbon slurry containing MPC, SP and PVDF binder (65:25:10 wt%). The coated separators were dried at 50 °C for 20 h and then cut it into circular disks of 16 mm. The thickness and the added mass of the coatings were, respectively, ≈16 µm and ≈0.3 mg cm -2 .
Pure sulphur cathode fabrication
The pure sulphur cathode in this research indicates that the active material is elemental sulphur but not sulphur-based composites. A simple pure sulphur cathode was prepared by shaker-milling elemental sulphur, SP and GA binder 4 (70:20:10 wt%) in deionized water to form a homogeneous mixture and then casting the slurry on an Al current collector by the doctor blade method. The cathode was dried at 60 ºC and 80 ºC for, respectively, 20 h and 2 h and afterwards punched into circular disks of 12 mm. The areal sulphur loading of the cathode is ≈2.0 mg cm -2 . In this work, the pure sulphur cathode refers to a simple-designed sulphur cathode prepared with elemental sulphur as the active material instead of a sulphur-carbon composite cathode.
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Electrochemical testing
Lithium-sulphur cells were assembled into CR2025 coin-type cells in an Ar-filled glove box with lithium metal foil (Chempur, 13 mm, 250 μm thick) as anode material and reference electrode at the same moment. The electrolyte contains 1 M Li-TFSI and 0.25 M LiNO3 as additive in a 1:1 S4 volume ratio of DOL and DME. Celgard 2500 (16 mm, 25 μm thick) was used as pristine separator.
The hybrid separators were placed into the cell with the carbon layer oriented towards the cathode.
Cells were galvanostatically discharged and charged between the potential windows of 1.8-2.6 V at 25 °C using a BaSyTec Cell Test System (CTS). Electrochemical impedance spectroscopy (EIS) measurements were carried out using a VMP3 potentiostat (Bio- SSA, specific surface area derived from BET; Vtot, total pore volume determined at p p0 -1 = 0.98; Smicro, micropore surface area determined from the QSDFT method at a diameter of 2 nm; PSD, pore size distribution obtained from the maximum of QSDFT pore size distribution peak. Average Coulombic efficiency value at the respective current rate.
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Hybrid separators modified with a layer of SP/PVDF (SP-HS; 90:10 wt%) and commercial RuO2
NPs/PVDF (cRuO2-HS; 90:10 wt%) were prepared to highlight the catalytic effect of the RuO2
NPs on the cycling performance in absence of some porous carbon material with high surface area.
The Li-S cell with a cRuO2-HS delivers an initial discharge capacity of 1299 mAh g -1 at 0.2 C.
After 50 cycles, the cell shows a capacity of 910 mAh g -1 and a high CE of 99.4 %. In the case of the SP-HS, the initial discharge capacity, the capacity after 50 cycles and especially the CE are lower than those found for RuO2-HS (1090 mAh g -1 , 652 mAh g -1 and 94.2 % respectively). But in terms of costs, the separator modification with only RuO2 NPs is relative expensive, for this reason it would be more appropriate to use a RuO2-carbon composite in order to reduce manufacturing costs. 
